A spectrofluorimetric method has been developed for the determination of imipramine HCl in bulk and commercial dosage forms. The method was based on measuring the fluorescence emission intensity of imipramine-eosin Y ion pair complex (λ em = 558 and λ ex = 319) in dichloroethane at buffer solution (sodium acetate and acetic acid) of pH 4.8. The stoichiometric ratio between imipramine and eosin Y was studied by Job's method of continuous variations and found to be 2:1. Formation constant (K f ) and Gibb's free energy change (ΔG) were calculated and pointed towards the spontaneous nature of the reaction. A series of variables were studied to optimize the reaction conditions. The proposed method was validated as per ICH guidelines and successfully applied for the determination of active imipramine HCl in commercial dosage forms with high degree of accuracy and precision.
concentration and for quality assurance in pharmaceutical formulations. The importance of analytical techniques involved in the quality control analysis of active drug in pharmaceutical formulations has been discussed in published papers [4] [5] [6] .
Imipramine HCl is officially listed in British Pharmacopoeia [7] which describes a liquid chromatographic method for its assay in bulk and tablet forms. Several other analytical methods have been reported based on high performance thin layer chromatography [8] , high performance liquid chromatography [9, 10] , electrochemical analysis [11] [12] [13] and spectrophotometry [14] [15] [16] [17] [18] [19] . Imipramine HCl is weakly fluorescent in nature and reagents such as erythrosine B in chloroform [20] and rhodamine B in ethylene glycol-distilled water medium [21] have been utilized for quantitative determination of active drug in pharmaceutical formulations by fluorescence spectrophotometry. Eosin Y is a xanthene polyprotic fluorescent acid dye which contains 2 acidic protons with pK a of 2 and 3.8 in water [22] . Eosin Y is an interesting reagent for determination purposes because of the fluorescent and dianionic nature of the dye. Eosin Y has been used for determination of doxepin [23] and citalopram HBr [24] . Harmonisation guidelines (USA) [25] .
Materials and methods

Apparatus
Fluorescence intensity and spectra were recorded on Thermo Scientific Agilent's Cary Eclipse Fluorescence Spectrophotometer (Australia) equipped with a xenon 150 W arc lamp and 1-cm quartz cells. Excitation and emission wavelengths were set with slit widths of 5 nm.
pH values were measured using Hanna pH meter (USA). The residue on filter paper was washed with 4×10 mL portions of distilled water. The filtrate was diluted up to the mark with distilled water in 100 mL volumetric flask and finally cleaned using 0.45µm polyethersulfone membrane (Filter-Lab) using 5mL syringe. The recommended procedures were followed for the 
Results and Discussion
In the literature, it was reported that doxepin
HCl [23] and citalopram HBr [24] The extraction equilibria can be represented as follows:
where HIM + and E , respectively.
The K f of the associated complex was found to be 4.36×10 12 . The apparent Gibbs free energy (ΔGº) was calculated using ΔGº = -2.303 RT log K f and found to be -72.09 kJ mol -1
. The high negative value of ΔGº provided strong evidence for the feasibility of the reaction.
Method Optimization and Validation
For the development and optimization of analytical method, certain validation parameters and experimental variables were investigated separately.
Optimization of Variables
The The fluorescence emission intensity of the blank solution was also recorded and found negligible in the solvent.
The maximum fluorescence emission intensity was obtained using dichloroethane as extracting solvent (Fig.   6 ). Therefore, dichloroethane was selected as the best extracting solvent for the determination procedure. showed that these did not differ significantly from the theoretical value, 0. For this, the quantity t-was calculated using the following equation [30] :
The value of t-were found to be 1.81 and 1.78 for Ideally the true relation between found and added concentration will provide straight line passing through the origin (intercept 0) with a slope equal to unity [31] .
Here, in the proposed method, the found concentration of imipramine (mg mL Therefore, the proposed method is free from determinate errors and suitable for the determination of active imipramine in commercial dosage forms.
Limits of detection (LOD) and quantitation (LOQ)
were calculated according to the International conference on Harmonization guidelines [25] . The low value of LOD (0.079 µg mL where MW is the molecular weight of excipients.
Mass/Volume (g L -1 or mg mL
The results are summarized in Table 2 . The statistical analysis of the calibration data was tested for calculating the error (S c ) in the determination of a given concentration of imipramine
HCl by standard addition method using the following expression [33] :
Eq. 6
The value of S c was found to be 0.044 µg mL [36] .
Conclusions
A comparison of the proposed method with those of published reported methods was presented in 
